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(54) Method for the determination of analyte concentration in a lateral flow sandwich 
immunoassay exhibiting high-dose hook effect 



(57) Disclosed is a method for determining the con- 
centration of an analyte in a fluid test medium by use of 
an immunochromatographic test strip through which the 
test fluid can flow by capillarity. The test strip has at least 
two capture bands and optionally one or more collection 
bands which capture labeled anti-analyte antibody to 
provide a detectable signal. The signals from the label 



is quantitatively detected in each of the bands to provide 
a pattern of signals which is unique to the concentration 
.of-analyte in the test fluid. The pattern of signals are 
mathematically combined to create a monotonous 
dose-response curve to thereby factor out the high an- 
alyte hook effect which can be present in this type of 
assay. 
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Description 

Background of the Invention 

[0001] Immunochromatographic strip formats have become increasingly popular for quantitative and semi-quantita- 
tive assays which use visual detection schemes. This type of immunoassay involves the application of a liquid test 
sample suspected of containing an analyte to be detected to an application zone of an immunochromatographic test 
strip. The strip is comprised of a matrix material through which the fluid test medium and analyte suspended or dissolved 
therein can flow by capillarity from the application zone to a capture zone where a detectable signal, or the absence 
of such, reveals the presence of the analyte. Typically, the strip will include means for immunospecifically binding the 
analyte to be detected with its specific binding partner which bears the detectable label. In one such scheme, as 
disclosed in U.S. Patent 4,446,232; the strip contains an enzyme labeled, mobile binding partner for the analyte which 
is in a zone of the strip downstream from the sample application zone. If analyte is present in the test sample, it will 
combine with its labeled binding partner to form a complex which will flow along the strip to a detection zone which 
contains a substrate for the enzyme label which is capable of providing a colored response in the presence of the 
enzyme label. The strip contains another zone in which analyte is immobilized, so that the labeled binding partner 
which does not combine with analyte, due to the absence of sufficient analyte in the sample, will be captured and 
thereby inhibited from reaching the detection zone. There have been published various modifications of this technique, 
all of which involve competitive specific binding systems in which the presence or absence of analyte in the test sample 
is determined by the detection or lack thereof of labeled binding partner in the capture zone. 

[0002] An alternative to the above described immunometric assay which detects the free labeled antibody is the so 
called sandwich format in which the capture zone contains immobilized antibodies against an epitope of the analyte 
which is different than the epitope to which the labeled antibody is specific. In this format, there is formed a sandwich 
of the analyte between the immobilized and labeled antibodies and it is therefore an immunometric assay which detects 
the bound labeled antibody species. This type of immunostrip format works well in connection with the analysis of 
relatively low concentrations of analyte, but can be of limited utility in the analysis of fluids containing high analyte 
concentration. This adverse effect is caused by the presence of excessive free analyte in the sample that competes 
for binding with the immobilized antibody in the strip's capture band with the analyte which has become bound to the 
labeled antibody by interaction therewith in a portion of the strip upstream from the capture zone. This competition can 
result in less of the analyte/labeled antibody conjugate being captured by the capture antibody and consequently less 
signal being detected in the capture zone than would be in the case if there were less analyte in the test sample. A 
dose-response curve prepared using this type of test strip will show increasing signal with increasing analyte up to the 
point where the analyte concentration begins to block the interaction between the immobilized capture antibody and 
the analyte/labeled antibody complex. Beyond this point, increasing analyte in the test fluid results in a decrease in 
the signal, so that the dose-response curve indicates decreasing signal with increasing analyte. The slope of this sort 
of dose-response curve somewhat resembles a hook which accounts for this phenomena being known as the hook 
effect. Traditionally, when the hook effect is observed or suspected, the fluid sample is diluted to several dilutions to 
ensure the validity of the results. The high dose hook effect may not occur if sufficient labeled or capture antibody is 
present in the assay medium. A complete dose-response curve (low to high analyte concentration) is usually needed 
to verify the existence of this effect. Accordingly, sample dilution is generally carried out whenever there is reason to 
expect that the assay might exhibit the hook effect. It is an object of the present invention to provide a sandwich type 
assay method using an immunochromatographic strip whose efficacy is not affected by high analyte concentrations in 
the test sample and : accordingly, does not require sample dilution or reassaying of samples containing high analyte 
concentrations. This method involves providing a strip with at least two capture bands and optionally a collection band 
in which there is immobilized a binding partner for labeled antibody which will bind labeled antibody which has not 
formed a complex with analyte to thereby facilitate its capture in one of the capture bands. The collection band is 
optional since it is not needed for the assay method to work in the sandwich format. However, by using a strip which 
contains a collection band, each sample measurement will provide more information thereby improving the assay's 
sensitivity and/or precision. 

[0003] In EP 0 462 376 A2 there is disclosed a procedure in which signal at the capture site and conjugate collection 
site of an immunochromatographic strip are detected and the analyte concentration is determined by the intensity of 
the signal at the capture site relative to the signal at the recovery site. Also of interest in this regard is U S Patent 
5,569,608. 

[0004] In co-pending application [Serial No. 08/900,586] there is disclosed an assay using an immunochromato- 
graphic strip having multiple capture and/or collection sites in which the signal from the detectable label in the capture 
zone(s) and collection zone(s) is determined whereupon a final response signal is determined using an algorithm and 
a number of signals which are chosen in a manner suited for a particular assay to provide a value for analyte concen- 
tration. 
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Summary of the Invention 

[0005] The present invention is a method for determining the concentration of an analyte in a fluid test medium. The 
method comprises the steps of: 

a) Providing a strip of a porous material through which a test fluid suspected of containing the analyte can flow by 
capillarity; the strip has at least two distinct capture regions in which there are immobilized antibodies specific to 
a first epitope of the analyte. There are also provided antibodies specific to a second epitope of the analyte which 
bear a detectable label and are capable of flowing through the strip along with the fluid test medium upon applying 
it to the strip up stream from the first of the at least two distinct capture zones; 

b) Applying the fluid test medium to the strip and allowing it to flow along the strip carrying labeled antibodies along 
with it to thereby contact the immobilized antibodies in the distinct capture regions. When sufficient analyte is 
present in the fluid test medium to partially block binding of the immobilized antibody with the first epitope of the 
analyte in at least the first distinct capture region with which the fluid test medium comes into contact as it flows 
along the strip, there is formed a sandwich of the immobilized antibody, the analyte and labeled antibody in the 
distinct capture regions through which the fluid test medium carries analyte the quantity of which sandwich is limited 
by the partial blocking of the immobilized antibody; 

c) Detecting, in a quantitative manner, the signal emitted from the label on the labeled antibody in each of the 
distinct capture regions in which the sandwich has formed. This provides a pattern of signals which is unique to 
the concentration of analyte in the fluid test medium; and 

d) Mathematically combining the unique set of signals to create a monotonous dose-response curve to factor out 
the blocking of the binding between the immobilized antibody and the first epitope of the analyte. 

Brief Description of the Drawings 

[0006] Fig. 1 is a representation of an assay device useful in the present invention. 

[0007] Fig ; 2 is a dose response curve of the reflectance change of an immunostrip having only one capture band. 
[0008] Fig. 3 represents a complete dose response curve of the reflectance change of an immunostrip having 3 
capture bands and one collection band which have been combined according to the present invention. 
[0009] Fig. 4 and 5 are partial dose-response curves of the reflectance change of an immunostrip having 3 capture 
bands and one collection band which have been combined by multiple mathematical methods. 

Description of the Invention 

[0010] The invention is practiced by first providing the test matrix through which the fluid test sample can flow by 
capillarity. Typically, the matrix will be in the form of a strip through which the test fluid flows horizontally. While the 
matrix could be assembled in a layered format through which the test fluid could flow vertically from top to bottom or 
vice-versa, the following discussion is focused on the preferred strip format. 

[0011] The strip can be prepared from any matrix material through which the test fluid and an analyte contained 
therein can flow by capillarity and can be of a material which is capable of supporting non-bibulous lateral flow This 
type of flow is described in U.S. Patent 4,943,522 as liquid flow in which all of the dissolved or dispersed components 
of the liquid are carried through the matrix at substantially equal rates and with relatively unimpaired flow, as contrasted 
to preferential retention of one or more components as would be the case if the matrix material were capable of ab- 
sorbing or imbibing one or more of the components. An example of such a material is the high density or ultra high 
molecular weight polyethylene sheet material obtainable from Porex Technologies. Equally suitable for use as the 
matrix from which the chromatographic strips can be fabricated are bibulous materials such as paper, nitrocellulose 
s ° and nylon. 

[0012] In a preferred embodiment of the present invention there is provided a test device comprising a strip of nitro- 
cellulose having a region 2 (Fig. 1 ) which contains mobile specific binding partner for the analyte which bears a de- 
tectable label and can react with analyte present in the fluid test sample applied to wicking pad 1 to form an analyte/ 
labeled binding partner complex upon applying the test sample to the wicking pad and allowing it to flow up the strip 
to region 2 where analyte in the test sample combines with labeled antibody specific to the analyte and flows to area 
3 which contains two or more capture bands 3' which contain immobilized antibodies specific for an epitope of the 
analyte separate from that to which the labeled antibodies are specific to form an immobilized binding partner/an a lyte/ 
labeled binding partner sandwich in one or more of capture bands. When the analyte level in the test fluid is low, the 
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sandwich is formed in the first distinct capture region without any interference, and the signal from the labeled antibody 
can be read without additional steps. However, when excessive analyte is present, blocking of some binding sites on 
the immobilized antibody occurs thereby reducing sandwich formation in the first capture region. In this situation, un- 
bound analyte-labeled antibody conjugate flows through the first capture region and is captured in the second capture 
region. When the analyte concentration is sufficiently high to block binding sites in the second capture region, capture 
of the analyte-labeled antibody conjugate takes place in a third or possible subsequent capture regions. 
[0013] The number of capture bands is generally determined by the analyte concentration range, the amount of 
immobilized antibody in each band and the levels of differentiation required. Theoretically, there is no limitation on the 
number of capture bands as long as they are needed and there is enough space available on the test strip. Typically, 
a maximum of 3 capture bands 3' will be incorporated into capture region 3 of the strip since this will provide enough 
capacity for most assays. The labeled anti-analyte antibody is typically added to region 2 but not in excess of that 
which is necessary to form conjugates with all of the analyte which would be expected to be present in the test sample. 
Excess labeled antibody/analyte conjugate is captured in the collection band of area 4 by a collection means for labeled 
antibody such as immobilized IgG or it may all bind to the capture bands at medium or high analyte concentration with 
no conjugate reaching the collection band. The collection band may function as an internal control for the assay or 
participate in the calculation of analyte concentration. In the latter embodiment, it is possible to have two or more 
collection bands on the strip for better analyte measurement to improve the assay performance. The strip may optionally 
contain a desiccated absorbant pad 5. This pad serves as a liquid sink to facilitate the capillary flow of test fluid through 
the strip. The desiccant in the pad enhances the process by effectively absorbing the liquid which reaches the top of 
the strip. 

[0014] Upon development of the strip by application thereto of fluid test sample containing analyte, the signal pro- 
duced by the label in each of the capture bands and optional collection bands is quantitatively detected, such as by 
use of a reflectance spectrometer, to obtain a pattern of signals which is unique to the concentration of analyte in the 
fluid test medium. This pattern of signals is then mathematically combined to create a monotonous (continuous increase 
with analyte concentration) dose-response curve. The curve is constructed to factor out the hook effect blocking of the 
binding between the immobilized antibody and the first epitope of the analyte which is accomplished by providing a 
one-to-one relationship between the assay response and the analyte concentration. The problem caused by the hook 
effect is that the same assay response can result from more than one analyte concentration. A monotonous dose- 
response curve alleviates this problem, so that unambiguous results can be obtained by a single sample measurement. 
An immunostrip for the detection of C-reactive protein (CRP) having multiple capture bands is disclosed in Labmedica, 
April/May 1990, but there is no suggestion that the signals frorrrthe capture bands be mathematically combined. It 
appears that the multiple capture bands in the strip described in this reference are used to indicate the analyte con- 
centration level which is proportional to the number of visible bands on the strip. These multiple bands are not designed 
to measure the analyte in the range where hook effect occurs because this assay is based on sequential saturation of 
analyte-labeled antibody complex in the capture zones without the blocking of free analyte. This is in contrast to the 
mathematical treatment of the pattern of signals in the present invention. Unlike the immunostrip described in this 
reference, the present assay system is designed to directly measure the analyte concentration above the level where 
the hook effect occurs. The mathematical treatment of the signal patterns generated by the assay provides a unique 
revenus (a monotonous dose-response curve) to evaluate the analyte concentration beyond the limit imposed by the 
hook effect. 

[0015] In a preferred method of practicing the present invention the antibody label is capable of reflecting light at a 
predetermined wavelength and there is provided a reflectance spectrometer having a detector of reflectance intensity 
with means for moving the developed strip and detector relative to each other such as a specimen table on which the 
strip is placed which can be moved laterally under the read head of the detector. This technique assists in providing 
accurate quantitation since the location of the strip relative to the detector can be under microprocessor control, so 
that the reflectance of the desired regions can be determined and then combined via the use of preprogrammed software 
to provide the monotonous dose-response curve. Other labels, such as radio isotopes and enzymes are suitable, since 
the only essential property of the label is that it be capable of being quantitatively detected. 

[0016] In the preferred embodiment of the present invention in which the test strip contains 3 capture regions and a 
single collection region, the unique pattern of signals is combined by: 

i) ratioing the signals of the second and third capture regions against the signal of the first capture region; 

ii) multiplying the two ratios by numbers that are within the same range of magnitude as the signal from the collection 
region; and 

iii) subtracting the signal from the collection region from the sum of the two products derived in step ii. 
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[0017] The method of practicing the present invention is further illustrated by the following examples: 
Example I 

[0018] The multiple band immunostrip format of the present invention was demonstrated using a lateral flow nitro- 
cellulose strip containing three test bands of monoclonal mouse anti-C reactive protein (CRP) antibody and one control 
band of polyclonal donkey antigoat antibody (IgG). The strip was prepared as follows: 

[0019] The assay was performed by mixing CRP calibrator containing affinity purified CRP of known concentrations 
in buffer at pH 7.0 with an aqueous assay solution 0.2% (w/v) BSA; 0.05% (w/v) Triton X-100; 0.75% (w/v) glycine' 
5.85% (w/v) NaCI and 0.2% (w/v) NaN 3 at pH 8.2 containing 0.04% (w/v) of a polyclonal goat anti-CRP antibody labeled 
with blue latex particles which was then pipetted onto a cassette containing the nitrocellulose strip. After five minutes 
the reflectance changes in the capture and collection bands were measured using a CLINITEK® 50 reflectance spec- 
trometer By using different decode calculations including AR where AR = absolute background reflectance reading 
near the capture (test) or collection (control) bands minus absolute reflectance reading of the test or control band. Both 
reflectance readings were obtained 5 minutes after the start of the assay. Two dose response curves were obtained 
as set out in Figs. 2 and 3. The first curve was derived from the reflectance change of the first test band, i.e. Decode 
1 = AR of first test band. The curve of Fig. 3 was generated by a method of data computation utilizing the change in 
reflectance from all 3 capture bands and the collection band (the assay response) to calculate the analyte concentration , 
i.e.: 

Decode 2 = 100 . T2/T1 + 50 . T3/T1 - CL 



where: 
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T1 = AR of first capture band 
T2 = AR of second capture band 
T3 = AR of .third capture band 
CL = AR of ^collection band 



[0020] The calculated decode values (overall assay responses) were plotted versus the known analyte concentra- 
tions and a dose-response curve (Fig. 3) was constructed by curve fitting. This curve is represented by the equation: 

35 1 00*T2/T 1 + 50*T3/T1 -C1 = 31 .005*Ln(Analyte concent ration) -1 70.29 

By solving this equation with assay responses obtained from the capture and collection bands using test flu id containing 
unknown concentrations of analyte, the unknown analyte concentration was calculated as: 



Analyte concentration = Exp[(100*T2/T1 + 50*T3AT1-CL + 170.29)/31 .005] 

[0021] As shown by the first dose response cur/e of Fig. 2, the dynamic range of the assay in which only a single 
band is read is limited by the high dose hook effect, i.e. the analyte concentration above a certain threshold cannot be 
measured without sample dilution because of a decrease in the response signal. In contrast to the single band test, 
the multiple band assay gives more than one result per test and displays a unique pattern of band signals for each 
analyte concentration level. These patterns can be used directly for assessment or represented numerically, such as 
in the dose response curve of Fig. 3, for quantitative or semi-quantitative evaluation. Dynamic range is the range 
between the maximum and minimum assay responses. In Fig. 3, the dynamic range is approximately -60-70. 

Example II 

[0022] In addition to analyte measurement with a single dose-response curve, the multiple band assay provides the 
option of multi-curve analyte calculation. This calculation method divides the entire analyte concentration range into a 
few sections which are governed by dose-response curves derived from various signal combinations. It is designed to 
utilize the most sensitive portion of each dose-response curve in a specified concentration region so that any level of 
analyte (high, medium or low) can be estimated with minimum error. An algorithm based on the signal from each band 
is used to direct each obtained assay response to the correct concentration region for data processing. 
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[0023] An example of a multi-curve analyte calculation using two dose-response curves is illustrated by the following 
algorithm: 
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-> Decode 3 
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-> Decode 4 
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-> Decode 4 
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[0024] This algorithm was derived empirically by comparing the experimental data. The algorithm is designed to 
demonstrate how a multicurve analyte calculation can be carried out in accordance with the present invention. The 
decision routine, including the step CL>B0?, IT1 -T2I<3CL?, T2>3CL?, is one method of determining whetherthe analyte 
concentration of the test sample was above or below 250 ng/mL which was the borderline between the two regions 
governed by the dose-response curves shown in Figs. 4 and 5. The decodes represent values derived from the re- 
flectance changes of capture and collection bands to calculate the analyte concentration based on a dose response 
curve. Decode is a number representing the reflectance of color from the reagent as measured by the CLINITEK® 
instrument. 

[0025] This experiment was also carried out using calibrators of known analyte concentrations. The assay responses 
were divided into two groups based on their corresponding analyte concentrations. For the group having low analyte 
concentrations (0 ~ 250 mg/mL), the assay responses were mathematically combined by the defined decode 3 equation 
decode 3 = CI. The dose response curve for decode 3 = CL is set out in Fig. 4. This equation includes only the response 
from the collection band because the capture bands did not exhibit a significant level of differentiation at the low end 
of the concentration range. The decode values were then plotted against the known analyte concentrations and used 
to generate a dose-response curve by curve fitting (Fig. 4). The mathematical equation for the curve was represented 
by the equation: 



45 



Decode 3 = -0.4675*(Analyte concentration) + 134.08 



so 



The dose response curve for decode 4 = T1/CL + 10 . T2/T1 + 100 . T3/T1 is set out in Fig. 5. The result and decode 
values were plotted against the known analyte concentrations to obtain a dose-response curve by curve fitting. Several 
signal combinations (decode calculations) were then used to generate a group of dose response curves (such as Figs. 
4 and 5) that are sensitive (significant change in assay response as the analyte concentration varies) in different analyte 
concentration regions. 



55 Decode 4=16. 302* Exp[0.0008*( Analyte concentration)] 

which was combined with the defined Decode 4 equation to give 
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T1/CL + 1CTT2/T1 + 100*T3/T1 = 1 6. 302* ExpfO. 0008* (Analyte concentration)] 
This equation was then transformed into 

Analyte concentration = Ln[(T1/CL + 10*T2/Tl + 100*T3/T1)/16.302]/0.0008 
which was used to determine the unknown analyte concentration of test sample. 

[0026] When a sample is assayed by the multiple-band immunoformat, the reflectance change of each individual 
band is used to estimate the analyte concentration. This is done by using a screening algorithm (developed empirically 
or theoretically) which suggests the proper dose-response curve (the one that is most sensitive in the estimated con- 
centration region) in the established group for analyte evaluation. The established group is the group of dose-response 
curves described in the previous paragraph which are generated by various signal combinations (decode calculations) 
and are sensitive in different analyte concentration regions. In the present example, the established group is composed 
of the dose-response curves shown in Figs. 4 and 5. The screening process is accomplished by three sequential 
decision steps. In the first step, the reflectance change of the collection band is evaluated. If it is greater than 80, the 
analyte concentration is calculated using the Decode 3 equation and the dose-response curve shown in Fig. 4. Oth- 
erwise, the screening process continues to the second step in which the absolute value of the difference between the 
reflectance changes of the first and the second capture bands is compared with the product of 3X the reflectance 
change of the capture band. If the former is less than the latter (IT1 -T2I.3CL), the analyte concentration is by the decode 
4 equation and the dose-response curve shown in Fig. 5. For other cases (iT1-T2(>3CL), the third screening step is 
performed by examining whether the reflectance change of the second capture band is greater than the produce of 
3X the reflectance change of the collection band. If yes (T2>3CL), the mathematical method involving the decode 4 
equation is used for analyte estimation. Elsewise, the decode 3 equation and its corresponding dose-response curve 
are employed. The advantage of this method is to reduce error in analyte measurement by using sensitive dose re- 
sponse curves across the entire analyte concentration range. A single band immunoformat is unable to provide this 
advantage because multiple dose response curves cannot be created. 

30 Example HI 

[0027] This is a generalized example in which the sandwich assay for an analyte is carried out using an immunoformat 
having a single capture band and using an immunoformat with multiple capture bands. For a typical sandwich immun- 
oformat with a single capture band, the dose-response curve is established as follows' 
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Mathematical equation for the 
dose-response curve (best fitted) is 
expressed as ^ = f(90 
e.g., ^ = -0.39^ + 4^- 2 




The analyte concentration x is 
calculated by solving the equation 

y = f(x) 

e.g., y = -0.3x 2 + 4x-2 



where the equation Y = f (X) is the best fitted dose-response curve obtained by curve fitting. 

[0028] The present invention involves the use of a sandwich immunoformat with multiple capture bands. More than 
one dose response curve (one for each capture band) is prepared by performing the assay with calibrators of known 
analyte concentration. The analyte concentration of the test sample is calculated by simultaneously solving multiple 
mathematical equations, each of which represents an individual dose-response curve. One way to simplify this complex 
procedure is to mathematically combine the responses of capture and collection bands by a defined equation (referred 
to herein as a decode equation) to form an overall assay response (referred to herein as decode) which is similar to 
that of an immunoformat with a single capture band. The data processing steps are illustrated as follows: 

1) Establishment of dose-response curve 

[0029] 
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where g is a mathematical function describing how Y 1t Y 2 , Y 3 ... are combined, and 
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Mathematical equation for the 
dose-response curve (best fitted) is 
expressed as Y = h(9f) 
e.g., Y = -9f* + 89f- 5 



where h = the best fitted dose- response curve which is obtained by curve fitting. 

2) Calculation of unknown analyte concentration 
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Overall assay response (or decode) 
calculated by the decode equation 

y = g(yi. y 2 . y a ) 

e.g.y=y t + y2-y3+ — 



Use y and the dose-response 
curve to estimate x 
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j The analyte concentration x is 
calculated by solving the equation 

y=h(x) 

e.g.,3r = -x 2 + 8x-5 
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[0031] The decode equation Y = g(y 1t y 2> y 3 ...) and the dose-response curve equation y = h(x) can be combined to 
give: 

9(Yi- Y2- Y3 •) = h[x) and the calculation of unknown analyte concentration therefore becomes: 
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The analyte concentration x is calculated 
by solving the equation 

g(yi. y 2 . y 3 ) = h(x) 

eg-.yi + y 2 -y3 + .-=-x 2 + 8x-5 
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[0032] These data processing steps, including the establishment of the dose-response curve and calculation of the 
unknown analyte concentration, were followed in both Examples I and II. 
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A method for determining the concentration of an analyte in a fluid test medium which comprises: 

a) providing a strip of a porous material through which the test fluid suspected of containing the analyte can 
flow by capillarity which strip has at least two distinct capture regions in which are immobilized antibodies 

IE!? ? 3 , , P ! °u ana,yte 3nd ' abeled antibodies s P ecifi <= »° * second epitope of the analyte which 

are able to flow through the strip along with the fluid test medium upon its application to the strip; 

b) applying the fluid test medium to the strip and allowing it to flow along the strip carrying the labeled antibodies 

Z oresennnt" TT T^'^ h *" *** whe " ««^ient ana^e 

of ETJ . - m I m . 10 Partia " y blOCk bindi " 9 ° f ,he antibody with the first epitope 

of the analyte in at least the first distinct capture region with which the fluid comes into contact as it flows along 

enionT»L° h ^K^t °J ^ mm ° mze6 aM Y- analyte and labeled antibody in the distinct capture 
reg ons through which the fluid test medium carries analyte the quantrty of which sandwich formation is limited 
by the partial blocking of the immobilized antibody; 

c) quantitatively detecting the signal from the label on the labeled antibody in each of the distinct capture 
regions in which the sandwich has formed to obtain a pattern of signals which pattern is unique to the con- 
centration of analyte in the fluid test medium; and 

d) mathematically combining the unique pattern of signals to create a monotonous dose-response curve to 
factor out the blocking of the binding between the immobilized antibody and the first epitope of the analyte. 

The method of Claim 1 wherein the strip has at least one collection region in which there is immobilized a collection 
means for the labeled antibody. 

The method of Claim 2 wherein the strip has 3 capture regions and one collection region and the unique pattern 
of signals is combined by: H K 



region; 



i) ratioing the signals of the second and third capture regions against the signal of the first capture 

ii) multiplying the two ratios by numbers that are in the same range of magnitude as the signal of the collection 
region; and 

iii) subtracting the signal of the collection region from the sum of the two products obtained in step ii. 
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The method of Claim 2 wherein the collection means is IgG. 

The method of Claim 2 wherein the labeled antibody is labeled with a material capable of reflecting light at a 
predetermined wavelength and the signal from the labeled antibody is quantitatively detected by measuring the 
change in reflectance (AR) from the capture and collection regions by means of a reflectance spectrometer after 
application of the.test sample. 

The method of Claim 5 wherein there are 3 capture regions and 1 collection region on the strip and the analyte 
concentration is determined by solving the equation: 

Analyte concentration = e (100^1+50^1-0^170.29 

31.005 

where: 

T1 = AR of first capture region 
T2 = AR of second capture region 
T3 = AR of third capture region 
CL = AR of collection region. 

The method of Claim 5 wherein there are 3 capture regions and 1 collection region on the strip and the analyte 
concentration is determined by: 

a) solving the equation: 

Decode = 100.T2/T1+50/T3/T1-CL 

where: 

T1 = AR of first capture region 
T2 = AR of second capture region 
T3 = AR of third capture region 
CL = AR of collection region 
to determine a decode value : and 

b) plotting the decode value against analyte concentration on a dose response curve to obtain the analyte 
concentration. 

The method of Claim 1 wherein the analyte concentration is determined by a multi-curve calculation in which the 
entire analyte concentration range is divided into sections which are governed by dose-response curves derived 
from various signal combinations. 

The method of Claim 1 wherein the fluid test sample comprises urine. 

A method for determining the concentration of an analyte in a fluid test medium which comprises: 

a) providing a strip of a porous material through which the test fluid suspected of containing the analyte can 
flow and which strip has a least two distinct capture bands in which are immobilized antibodies specific to a 
first epitope of the analyte and labeled and which strip bears labeled antibodies upstream from the capture 
bands which are specific to a second epitope of the analyte and which are able to flow through the strip along 
with the fluid test medium upon its application to the strip; 

b) applying the fluid test medium to the strip and allowing it to flow along the strip carrying the labeled antibodies 
with it to thereby contact the immobilized antibodies in the capture bands and, when sufficient analyte is present 
in the fluid test medium to partially block binding of the immobilized antibody with the first epitope of the analyte 
in the first capture band with which the fluid test medium comes into contact as it flows through the strip to 
form a sandwich of the immobilized antibody, analyte and labeled antibody in the distinct capture regions 
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through which the fluid test medium carries the analyte the quantity of which sandwich formation is limited by 
the partial blocking of the immobilized antibody; 

c) quantitatively detecting the signal from the label on the labeled antibody in each of the distinct capture bands 
s in which the sandwich has formed to obtain a pattern of signals, which pattern is unique to the concentration 

of analyte in the fluid test medium; 

d) mathematically combining the signals from each of the capture bands into the expression Y = pXY-,, Y 2 , 
Y 3 ; ...) where Y is the overall assay response, g is a mathematical function describing how Y 1t Y 2 and Y 3 ... 

10 are combined and each of Y t , Y 2 , Y 3 ... are individual responses from each of the individual capture bands; 

e) providing a plot of Y against X where X is a calibrator value for known analyte concentrations and preparing 
a dose-response curve by solving the equation Y = h(x) where h = the best fitted dose-response curve which 
is obtained by curve fitting to obtain the best fitted dose-response curve; 

75 

f ) calculating the concentration of the analyte in the fluid test sample by mathematically combining the results 
from the capture bands to obtain an overall assay response, Y = y n + y 2 +. . . and calculating the analyte 
concentration X by solving the equation Y = h(X). 
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